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We determine the scalar potential for a D3-brane in a warped conifold background subject to general
ultraviolet perturbations. Incorporating the effects of imaginary anti-self-dual (IASD) fluxes and
four-dimensional curvature at the nonlinear level, we compute the leading terms in the D3-brane
potential. We then provide strong cross-checks of our results by reproducing them in the dual
gauge theory. Finally, we observe that the D3-brane potential induced by nonperturbative effects
on D7-branes can be represented by a ten-dimensional supergravity solution containing suitable
IASD fluxes. Our method allows for the systematic inclusion of compactification effects and serves
to constrain the D3-brane effective action in a large class of stabilized compactifications.
Introduction. The success of inflation [1] depends
sensitively on Planck-suppressed contributions to the in-
flaton action [2]. This strongly motivates realizing in-
flation in an ultraviolet-complete theory, such as string
theory, and then computing these contributions.
In this Letter we study compactification effects in D-
brane inflation [3, 4]. A concrete arena for D-brane in-
flation is a finite warped throat attached to a compact
space [5]. Computing the D3-brane action in the non-
compact limit is straightforward, as explicit supergravity
solutions such as [6] are available for noncompact throats.
However, on general grounds one expects that objects
and fields in the bulk of the compactification, i.e. outside
the warped throat, can induce order-unity corrections to
the inflationary slow-roll parameters. D-branes, orien-
tifold planes, fluxes, and quantum effects in the bulk may
not preserve the same supersymmetry as a D3-brane, and
hence can contribute to the D3-brane potential. These
‘compactification effects’ must be incorporated, or shown
to be suppressed, in any explicit realization of D3-brane
inflation.
We propose a systematic approach to this problem.
Taking the compact bulk to be a rather general solution
of type IIB supergravity, we determine how the form of
this solution in the ultraviolet region of a finite throat af-
fects the potential for a D3-brane well inside the throat.
Our strategy is to study a noncompact solution subject
to general deformations, as a computable proxy for a fi-
nite throat attached to a compact space with moduli-
stabilizing ingredients.
A primary goal of our work is a systematic charac-
terization of the structure of the effective potential, as
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captured by the spectrum of scaling dimensions ∆i in
V (φ) =
∑
i
ci
φ∆i
M∆i−4UV
. (1)
Here φ is the canonically-normalized field related to the
D3-brane position and MUV is a scale determined by the
location at which the throat is glued to the bulk.
Our analysis incorporates imaginary anti-self-dual
(IASD) three-form fluxes and four-dimensional curvature
in a unified framework. We provide general solutions for
IASD fluxes on arbitrary Calabi-Yau cones and derive
the flux-induced contributions to the D3-brane potential
in closed form. Specializing to the singular conifold, we
determine the dimensions ∆i in (1). The inclusion of the
nonlinear effects of fluxes and curvature is a substantial
step beyond our linear analysis in [7].
A nontrivial check of our results follows from us-
ing the AdS/CFT correspondence [8] to represent non-
normalizable flux perturbations as perturbations to the
Lagrangian of the dual conformal field theory (CFT).
Building on the work of Ceresole et al. [9], we provide
the operator in the conifold CFT dual to each mode of
flux. In the case of chiral operators perturbing the su-
perpotential, we compute the potential in the CFT and
find agreement with the supergravity result [10].
Our approach is strongly reminiscent of a four-
dimensional effective field theory analysis, but the field
theory that governs the D3-brane potential is strongly
coupled. Furthermore, some of the contributing opera-
tors have irrational dimensions and are difficult to study
on the field theory side. Our method, which is to consider
general perturbations of the ultraviolet region of the su-
pergravity solution, uses AdS/CFT to provide a tractable
problem that realizes the spirit of the four-dimensional
effective field theory approach.
2We limit our presentation in this Letter to explicit re-
sults for chiral operators; extensions to non-chiral oper-
ators and further computational details will appear in a
companion paper [10].
Equations of motion. For the line element, we use
the ansatz
ds2 = e2A(y)gµνdx
µdxν + e−2A(y)gmndy
mdyn , (2)
with gmn a metric that is Calabi-Yau at leading order.
We take the five-form flux to be F˜5 = (1 + ⋆10) dα(y) ∧
Vol4. D3-branes couple to a particular combination of
fields,
VD3 = T3
(
e4A − α) ≡ T3Φ− , (3)
where T3 is the D3-brane tension. In the following we are
therefore interested in perturbations of the scalar quan-
tity Φ− ≡ e4A−α. Furthermore, it will be convenient to
define IASD three-form fluxes,
G− ≡ (⋆6 − i)G3 and Λ ≡ e4AG− , (4)
where ⋆6 is the six-dimensional Hodge star. Expanding
around backgrounds with Φ− = G− = 0, these fluxes
obey [10]
dΛ = 0 and ⋆6 Λ = −iΛ . (5)
Finally, the D3-brane potential is determined by
∇2Φ− = gs
96
|Λ|2 +R4 , (6)
where ∇2 is the Laplacian constructed from gmn, gs is
the string coupling, and R4 is the four-dimensional Ricci
scalar.
IASD fluxes in Calabi-Yau cones. In [7] we stud-
ied the homogeneous solutions of (6), ignoring the effects
of IASD fluxes and curvature. The solutions to (6) were
then harmonic functions, Φ− = f , which satisfy∇2f = 0.
In this Letter we extend this to a nonlinear treatment,
emphasizing that IASD fluxes can make important con-
tributions to the D3-brane potential.
We first present solutions to the flux equations of mo-
tion in a general Calabi-Yau cone. To construct solutions
to (5), we use the Ka¨hler form J , the holomorphic (3, 0)
form Ω, and harmonic functions f as building blocks.
Three distinct types of closed, IASD three-forms can be
constructed using the above ingredients. In [10] we give
the most general such solutions, while here we specialize
to solutions dual to perturbations by chiral operators, in
which case the harmonic functions f are in fact holomor-
phic and the fluxes are of pure Hodge type.
The first flux series is of Hodge type (1, 2),
ΛI = ∇∇f1 · Ω¯ , (7)
which in components is (ΛI)αβ¯γ¯ = ∇α∇σf1 gσζ¯ Ω¯ζ¯β¯γ¯ .
The second flux series is non-primitive (2, 1)NP,
ΛII = ∂f2 ∧ J . (8)
The third flux series is of type (3, 0),
ΛIII = f3Ω . (9)
Spectrum of the D3-brane potential. Next, we
derive the spectrum of contributions to the D3-brane po-
tential. We first study the flux source terms in (6), then
incorporate R4 as a source. From (6) – (9) we obtain the
flux-induced potential
Φ− =
gs
32
[
gαβ¯∇αf1∇βf1 + 2|f2|2 + 2∇−2|f3|2
]
, (10)
up to the addition of a harmonic function. The result
(10) is completely general, and is valid for IASD fluxes
on an arbitrary Calabi-Yau cone. For concreteness we
now specialize to the singular conifold [11].
The harmonic functions on the conifold are defined by
their quantum numbers {j1, j2, Rf} under the SU(2) ×
SU(2)× U(1)R isometries of T 1,1 [9]. The radial scaling
dimensions ∆f are
∆f ≡ −2 +
√
H(j1, j2, Rf ) + 4 (11)
=
3
2
, 2 , 3 ,
√
28− 2 , · · · , (12)
whereH(j1, j2, Rf ) ≡ 6
[
j1(j1 + 1) + j2(j2 + 1)−R2f/8
]
.
For chiral modes, j1 = j2 =
1
2Rf , we have ∆f =
3
2Rf .
With this information about the spectrum of harmonic
functions on T 1,1, the scaling dimensions and charges of
the three series of flux modes can be determined [10].
The contributions to the potential are of the form (1)
with ∆ij ≡ ∆i+∆j−4, where ∆i and ∆j are the scaling
dimensions of the individual fluxes [10]. The result is
∆Λ = 1 , 2 ,
5
2
,
√
28− 5
2
, · · · (13)
The final term shown, with dimension
√
28− 52 ≈ 2.79,
is the leading contribution of an operator in a long multi-
plet. This term is not protected by supersymmetry or by
a global symmetry, and hence would be difficult to obtain
in a field theory analysis at large ’t Hooft coupling, or in
a four-dimensional supergravity analysis like [12, 13] in
which only superpotential interactions are computed. We
expect that this mode of flux will contribute to the D3-
brane potential in a general compactification, and may
in some cases play an important role in the inflationary
phenomenology. A substantial advantage of our super-
gravity approach is the ability to capture low-dimension
non-chiral contributions of this sort.
A D3-brane in a compact space receives additional
contributions to its potential when the four-dimensional
Ricci scalar is nonvanishing: one must then solve (6) with
the Ricci scalar given by R4 ≈ 4M2
pl
(
V0+T3Φ−
)
. Here we
have assumed a quasi-de Sitter phase sourced by the D3-
brane potential T3Φ− and by the effects of other sectors
included in the constant V0. We observe that the source
term in (6) proportional to V0 gives rise to precisely the
3‘eta problem’ mass term in [5] (cf. [14]). The complete
series of corrections induced by the Ricci scalar is [10]
∆R = 2 , 3 ,
7
2
, · · · (14)
Although for brevity we have focused here on the radial
scaling dimensions ∆, one can use the above methods to
determine the angular dependence of each term [10].
CFT duals of flux perturbations. A useful dual
formulation of our results is in terms of perturbations to
the Lagrangian of the dual CFT [11]. This is an N = 1
superconformal theory with gauge group G = SU(N) ×
SU(N) and continuous global symmetries G = SU(2)×
SU(2) × U(1)R. The matter content consists of chiral
superfields Ai and Bj (i, j = 1, 2) which are in the (N ,
N¯) and (N¯ , N) of G and in the (12 , 0, 12 ) and (0, 12 , 12 )
of G. The chiral gauge field strength superfields W
(1,2)
α
have dimension ∆ = 32 and R-charge R = 1, while the A
and B fields have ∆ = 34 and R =
1
2 .
Our goal is to determine the most relevant operators in
the CFT that contribute to the potential on the Coulomb
branch. We focus primarily on chiral operators, deferring
a more general treatment to [10]. For the CFT in ques-
tion there are three series of chiral operators [9]:
OI = Tr(AB)k , (15)
OαII = Tr[(Wα(1) +Wα(2))(AB)k] , (16)
OIII = Tr[(W 2(1) +W 2(2))(AB)k] , (17)
where the integer k obeys k ≥ 1 for series I and II and
k ≥ 0 for series III.
We are interested in compactification effects that break
the supersymmetry of the CFT. This is efficiently repre-
sented in terms of spurionsX andXα, i.e. non-dynamical
fields whose expectation values break supersymmetry,∫
dθαX
α 6= 0, ∫ d2θX 6= 0, with the remaining compo-
nents vanishing. The operators dual to IASD flux per-
turbations can then be written as
∆L =
∫
d2θ [OI + OαIIXα + OIIIX ] + c.c. , (18)
which selects the top (θ2) component of OI, the middle
component of OαII, and the bottom component of OIII.
(In [7] we studied linearized perturbations
∫
d4θOX†X ;
these are dual to harmonic modes of Φ−, whose spectrum
is given in (12).)
We therefore obtain the following matching between
the components of the supermultiplets of operators (15)
– (17) and the IASD flux perturbations (7) – (9):
Flux Operator ∆ R j1 j2
∇∇f1 · Ω¯
∫
d2θTr(AB)k 3
2
k + 1 k − 2 1
2
k
1
2
k
∂f2 ∧ J
∫
dθα Tr[W
α
+(AB)
k] 3
2
k + 2 k 1
2
k
1
2
k
f3Ω Tr[(W
2
+(AB)
k] 3
2
k + 3 k + 2 1
2
k
1
2
k
• The perturbations ∫ d2θOI yield superpotential per-
turbations of the CFT and are dual to perturbations by
G(1,2) fluxes in series I. This is consistent with the re-
sults of [15, 16], where it was found that G(1,2) flux gen-
erates superpotential interactions for a D3-brane. We
remark that the leading (∆ = 1) term in (13) corre-
sponds to the lowest-dimension superpotential perturba-
tion
∫
d2θTr(AB) and gives the dominant contribution
in [13] (see (20) below).
• The operators ∫ dθαOαII correspond to the non-
primitive G(2,1) fluxes of series II. This agrees with the
results of [15, 16], where it was shown that non-primitive
G(2,1) flux couples the gaugino to the matter fermions.
• Finally, the operators OIII are mapped to G(3,0)
fluxes in series III. This is consistent with the fact that
(3, 0) flux creates a mass term for the gaugino [15].
For perturbations in series I and II, the leading terms
in the CFT scalar potential are governed by holomorphic
data and by the unperturbed Ka¨hler potential, and one
can show exact agreement between the potential on the
CFT side and in supergravity [10]. For operators in se-
ries III, Ka¨hler potential perturbations render the poten-
tial uncomputable in the CFT, but one can still exhibit
strong consistency checks [10] of the correspondence to
series III fluxes.
Note that perturbing by a relevant operator, ∆L =
cO, does not create an instability in the infrared if c
is sufficiently small in units of the hierarchy of scales
in the throat. Requiring that the D3-brane energy does
not drive decompactification leads to a similar constraint
on c [7, 10]. We consistently study the c ≪ 1 regime in
which instabilities are absent.
Superpotentials from fluxes. In the presence of a
nonperturbative superpotential from gaugino condensa-
tion on wrapped D7-branes, a D3-brane feels a nontrivial
potential [12]. We now point out that this potential can
be represented in ten dimensions by IASD fluxes. Con-
sider a stack of n D7-branes on a four-cycle defined by
a holomorphic embedding condition h(za) = 0, where
za are complex coordinates on the conifold. The super-
potential of the D7-brane gauge theory depends on the
D3-brane position via [12]
Wnp(za) = A0h(za)1/n e−aρ ≡ A(za)e−aρ , (19)
where ρ is the Ka¨hler modulus associated with the vol-
ume of the 4-cycle and a ≡ 2pin .
Combining Wnp(za) with the tree-level superpotential
and Ka¨hler potential, K = −3 ln[ρ+ ρ¯− γk(za, z¯a)], and
working to leading order in an expansion in γkσ =
φ2
3M2
pl
,
with 2σ ≡ ρ+ ρ¯, one finds the following D3-brane poten-
tial [13]:
V =
κ2
12σ2
e−2aσ
γ
(
gαβ¯AαA¯β¯ + 2aγ(aσ + 3)AA¯
−aγ(A¯gαβ¯kβ¯Aα + c.c.)
)
+ harmonic . (20)
4Comparing (10) to (20) suggests the matching conditions
f1 = c1A , f2 = c2A+ c3kβAβ , f3 = 0 . (21)
Choosing c1 = c, c2 = c
√
aγ(aσ + 3), and 2c2c3 =
−c2aγ, with c2 ≡ κ2σ2 e
−2aσ
γT3
8
3gs
, we recover (20), at leading
order in expansions in γkσ and
1
aσ .
Towards a D7-brane geometric transition. It is
tempting to speculate about the implications of the above
result for a ten-dimensional representation of the non-
perturbative superpotential associated with D7-branes
(cf. [17, 18]).
Suppose that n D7-branes wrap a rigid four-cycle that
is small compared to the rest of the compact space, e.g. a
small del Pezzo surface. Far from the D7-branes, it
should be possible to encode the effects of gaugino con-
densation in a local solution of ten-dimensional super-
gravity containing appropriate IASD fluxes. It is there-
fore natural to conjecture that nonperturbative effects on
D7-branes actually source these fluxes. This is somewhat
similar to the geometric transition of D5-branes wrapping
rigid curves, in which the resulting gaugino condensate
is captured by three-form fluxes in a deformed geome-
try [6, 19, 20].
Specifically, we propose [10] that a coupling between
the D7-brane gauginos and the closed string background
serves to source IASD fluxes when 〈λλ〉 6= 0. As shown in
detail in [10], the gaugino mass term of [16] contributes a
local source term, proportional to 〈λλ〉, to the flux equa-
tion of motion. The resulting solution containsG(1,2) flux
that precisely encodes the gaugino condensate superpo-
tential.
Finally, we remark on an interesting implication of
our result. In [21] it was shown that the noncommuta-
tive superpotential induced on coincident D3-branes by
three-form fluxes solves a problem in F-theory model-
building by increasing the rank of the Yukawa matrix.
However, in [22] it was argued that a noncommutative
superpotential should not arise at tree level, but should
instead be induced by nonperturbative effects on D7-
branes. Our proposal yields an explicit connection be-
tween these works by representing the nonperturbative
superpotential of [22] as the flux of [21].
Conclusions.We have presented a systematic method
for obtaining the structure of the scalar potential of a D3-
brane in a noncompact Calabi-Yau cone subject to arbi-
trary ultraviolet deformations, in an expansion around
a background with G− = Φ− = 0. For the case of the
conifold, we obtained the explicit spectrum of scaling di-
mensions for the leading correction terms, (12) – (14), in-
corporating harmonic perturbations of Φ−, IASD fluxes,
and four-dimensional curvature. This result includes all
significant contributions to the D3-brane potential dis-
cussed in the literature so far, and does so in a single
coherent framework, classical ten-dimensional supergrav-
ity.
Our results constitute significant progress towards de-
termining the Planck-suppressed contributions to the ef-
fective action in a large class of string compactifications.
By decoupling gravity in a noncompact configuration,
then systematically reincorporating compactification ef-
fects, we have provided an approach in which the struc-
ture of the Planck-suppressed contributions can be com-
puted.
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